In the beginning of the 1890s, counties located in the Cotton Belt of the American South were hit by an agricultural plague, the boll weevil, that adversely affected cotton production and hence the demand for labor. We use variation in the incidence of the boll weevil multiplied with counties' initial cotton share to construct instrumental variables estimates of the labor supply curve. Controlling for county and state-by-time fixed effects, we find a significant positive response of labor supply to changes in labor income. The effect is particularly large for females, consistent with evidence that females had a comparative advantage in picking cotton.
The response of labor supply to changes in labor income is of fundamental importance for many policy relevant questions at the intersection of macro, labor, and public economics (Blundell and Macurdy, 1999; Mankiw, 2014; Keane and Rogerson, 2012) . For example, it affects the answer to a much heated debate between liberals and conservatives on what is the impact of a change in labor income tax rates on labor supply (Keane, 2011; Manski, 2012) . 1 In this regard, female labor supply is of particular interest since women's increased involvement in the economy was the most significant change in the US labor market and other developed countries during the past century (Killingsworth and Heckman 1986; Goldin, 1990; 2006) .
In this paper we use an instrumental variables approach to estimate the causal response of labor supply along the extensive margin (participation into the labor force) to changes in labor income. The instrumental variables approach exploits variation in the timing of the incidence of the boll weevil -an agricultural pest -that adversely affected cotton production in Southern US counties towards the end of the 19th and the beginning of the 20th century.
Cotton production was a significant part of aggregate output of Southern US counties, accounting for 35 percent of the value of all crops produced, 28 percent of agricultural output, and 17 percent of total output in 1900 (US Bureau of the Census, 1904). 2 Importantly, the spread of the boll weevil was determined by geographic conditions, in particular, temperature and wind directions (Hunter and Coad, 1923; Lange et al., 2009 ) so that variation in the timing of the boll weevil is exogenous to counties' economic conditions.
The impact of the boll weevil's incidence on output per worker varied across US counties depending on the initial importance of cotton production in a particular county. Counties with a greater initial cotton share experienced a significantly larger drop in output per worker due to the incidence of the boll weevil: a one standard deviation higher initial cotton share reduced output per worker due to the incidence of the boll weevil by an additional 7 percent.
We exploit this heterogeneity in effect to construct an instrumental variable as the incidence of the boll weevil times the initial cotton share. The constructed instrument is in the spirit of an intensity-to-treat effect (see e.g. Nunn and Qian, 2011; Hornbeck and Naidu, 2014) and delivers a highly significant first-stage effect. Because the instrument captures shocks to agricultural productivity it should be interpreted as shifting the demand for labor (see the technical appendix for more details).
In the reduced form we find that upon arrival of the boll weevil the labor force participation rate decreased significantly more in US counties with a higher initial share of cotton. Controlling for county and state-by-time fixed effects, we find that a one standard deviation higher initial cotton share reduced the labor force participation rate of all working age people by 2 percentage points; for females the effect goes up to 3 percentage points. With 6 percentage points the impact is particularly large for black females. This is consistent with anecdotal evidence that (black) females had a comparative advantage in cotton cultivation (Metzer, 1975; Goldin and Sokoloff, 1984) . Indeed, when regressing the share of females employed in a household on the cotton share of US counties in 1880 we find a significant positive coefficient on the latter variable. This result also holds if we instrument the cotton share with geographic cotton suitability.
Two-stage least squares estimation that uses boll weevil incidence interacted with the initial cotton share as an instrument yields a significant positive effect of output per worker on labor force participation: a one percent increase in output per worker increased the labor force participation rate by 0.2 percentage points. 3 For females the effect goes up to 0.4 percentage points; for black females it is 0.8 percentage points. These estimates are significantly larger than those produced by least squares regressions. An explanation for the larger two-stage least squares estimates is a reverse causal effect that downward biases the least squares estimates. While the difference is small for men, it is very large for women implying that the least squares estimates are subject to a strong reverse causality bias.
The negative reverse causal effect arises in the least squares regressions because increases in labor supply decrease output per worker as well as wages (under the standard assumption of decreasing returns to scale in labor).
In terms of other labor related adjustment mechanisms, we find that there are significant effects on immigration, emigration, as well as on non-market labor. Decreases in output per worker due to the boll weevil lead to significant decreases in immigration, significant increases in emigration, and significant increases in the share of housekeepers.
Our work relates to research following Lindsey (1987) that relies on natural experiments -mostly changes in tax law -to identify the labor supply curve (e.g. Pencavel 1986; Blundell and Macurdy 1999; Keane 2011). 4 In that literature there exists considerable uncertainty and disagreement about the elasticity of labor supply. While there is a consensus that females have a more elastic labor supply than men, existing studies come up with a wide range of elasticities (e.g. Killingsworth and Heckman 1986; Blundell and Macurdy 1999; Keane 2011) . For example, the extensive margin (Hicksian) wage elasticities for married women from cross-city studies range between 0.26 and 2.03 (see Goldin, 1990, from quasi-experimental studies that range between 0.17 and 0.43 for women. When using natural experiments for estimating the labor supply curve, a main problem is the definition of a valid control group. A popular approach in the literature is to exploit that certain tax changes could differentially affect tax rates of low-and high-wage earners (e.g. Eissa, 1995; Feldstein, 1995; Gruber and Saez, 2002) . This approach has its limitations, however, since it is only valid if individuals located at different percentiles at the income distribution are identical except for changes in their tax rates. It has been shown that this assumption is unlikely to hold (e.g. Goolsbee, 2002; Liebman and Saez, 2006) . 5
Our paper complements this literature by relying on geographic-and time-variation in labor productivity instead of tax law changes for identification. The advantage of our approach is that we have a clearly identified control group with characteristics that are observationally equivalent to the treatment group. Using falsification tests and tests of over-identifying restrictions we argue that our estimates reflect causal effects.
A large strand of literature has documented the rise in female labor force participation that took place in advanced economies since the late 19th century (e.g., Killingsworth and Heckman, 1986; Costa, 2000) . Recent research claims that changes in social attitudes towards working women have been essential for this development (e.g., Goldin, 2006; Fernández and Fogli, 2009; Fernández, 2013) . For example, Goldin (1990; 2006) argues that labor force participation of married white women in the US was low until about 1940 because there was a social "stigma" attached to wives working in paid labor. After 1940, labor force participation of white women rose quickly since more attractive jobs became available due to the rise of the clerical sector and the social "stigma" was reduced. Empirically, this argument is based on cross-city estimates that find that the labor supply curve for white married women between 1890 and 1930 is inelastic (e.g., Rotella, 1980; Goldin, 1990) . Changes in female labor force participation of white married women in the US at the beginning of the 20th century are therefore very likely not driven by labor demand changes.
Black women, in contrast, holding mainly jobs in the agricultural and (non) household service sector, had a much higher labor participation rate than white women throughout American history (Goldin, 1990; Boustan and Collins, 2013) . Goldin (1977; 1990) associates the higher labor force participation rates of black women with social norms deeply rooted in slavery. The black community developed a less hostile attitude towards women working in paid labor as black women were forced to work on the plantation fields under slavery. Goldin (1990) argues that compared to white women, black women were less socially stigmatized in the labor force as an indirect consequence of slavery. The greater sensitivity of black female labor force participation to unfavorable economic conditions during the Great Depression of the 1930s indicates also a more elastic labor supply curve of black women (Goldin, 1990; Sundstrom, 2001) . Our estimates imply a large elasticity for black women but a small (and often statistically insignificant) elasticity for white women, and are thus in line with the view of the existing literature.
Our paper also contributes to the literature on the boll weevil's role for Southern US economic development. Recent studies find that the boll weevil fundamentally affected local economic development within the American South (Lange et al., 2009; Baker, 2013) . 6 In contrast to earlier studies that mainly relied on state-level data, Lange et al. (2009) exploit county-level variation within the US South to assess the boll weevil's impact on local economies. These authors find that the boll weevil caused a persistent decline in cotton production, yields and acreage, reduced land values and trigged internal migration.
Baker (2013) shows, using county-level data for the state of Georgia during 1914-1929, that black school enrollment rates increased in response to the reduction in cotton production caused by the boll weevil. Our study differs from Lange et al. (2009) and Baker (2013) in three key dimensions: (i) we examine how the boll weevil affected the Southern labor market thereby looking at a different outcome variable (labor force participation); (ii) we use a larger sample (all infested counties of the Cotton Belt for the years 1880-1940; linked individual Census data for migration); and (iii) our instrument -the interaction between boll weevil incidence and the initial cotton share -accounts, in the spirit of an intensity-to-treat effect, for the heterogenous effect the boll weevil had on output per worker.
The Organization of Cotton Production and the Spread of the Boll Weevil

The Organization of Cotton Production
Cotton production was a labor-intensive process in the postbellum American South where land was abundant and labor supply the limiting factor (Ransom and Sutch, 2001, p.47) .
The Southern rural labor markets were thin and labor demand very seasonal (Whatley, 1987) . On cotton plantations, significant amounts of labor were needed for plowing, planting and cultivating (spring to mid-summer); thinning and weeding (May into July); and harvesting (late summer to early winter). 7 For example, across the Cotton South, a single 6 The earlier cliometrics literature has contrasting views to what extent the boll weevil affected the Southern economy (Street, 1955; Higgs, 1976; Osband, 1985; Wright, 1986; Ransom and Sutch, 2001) . We refer to Lange et al. (2009) , who summarize the findings of these studies, for further details.
7 Hong (2001, pp. 9-11), for example, describes the seasonal variation in labor demand for cotton cultivation of the Pre Aux Plantation in Natchitoches Parish, Louisiana, 1852-1854. On the Pre Aux Plantation labor demand had its peak during the harvest season in fall to early winter and was also high in May and June for plowing, scraping, and hoeing. Cotton picking, the most labor intensive task, began in mid-August 4 acre of cotton required more than 150 hours of labor in 1930 (Aiken, 1998, pp. 97-100) . It was until the start of mechanized cotton harvesting during the mid 1940s that barely any capital was used in cotton production (Musoke, 1981; Cogan, 1982; Wright, 1986; Heinicke, 1994) .
While slave labor cultivated most of the cotton on large plantations before the Civil War, the labor relations between landlords and laborers in the American South changed with the abolition of slavery in 1865 (Alston and Higgs, 1982; Shlomowitz, 1979; Ransom and Sutch, 2001) . Fixed wages, share-rent and fixed-rent contracts became the principal contractual forms for cotton farmers in the South after the Civil War (Alston, 1990) . Family based sharecropping arrangements were common by the late 1870s and frequently used between landlords and black farm operators (Reid, 1973; Shlomowitz, 1979; Alston, 1990) . Sharecropping involved the whole family in cotton cultivation, especially during the planting and harvesting season when labor demand was high (Jones, 1985, p. 58-68, pp. 81-95) . Aiken (1998, p. 100) mentions, for instance, that "... all members of a black tenant household, ...
were part of the production system" suggesting that women and children played a significant role in cotton cultivation. In particular, Goldin and Sokoloff (1984) pointed out that females and children had a comparative advantage in crops that required extensive cultivation, such as cotton and tobacco. For the American South, historical accounts suggest that women had a relative comparative advantage in cotton picking, the most labor-intensive task in cotton cultivation (Metzer, 1975; Shlomowitz, 1979; Jones, 1985) . 8 Despite this comparative advantage, it were mainly black women working on the Southern cotton fields after the Civil War. Jones (1985, p. 64) and Ransom and Sutch (2001, p. 325) illustrate that it were black rather than white women that participated in the labor force in the Cotton South in 1870 and 1880. Throughout the 19th century and until recently black female labor force participation exceeded their white counterpart in the US (Goldin, 1990; Boustan and Collins, 2013) . In 1870 the participation rate of black women was about 4 times higher than for white women;
in 1930 it was more than 2 times that for white women (Boustan and Collins, 2013) . For married women the racial gap in participation rates in the late 19th and early 20th century was even more pronounced (Goldin, 1990) . One explanation for the historical racial gap in female labor force participation is that black families relied on the women's income since they were significantly poorer than white and ended in mid-January. The seasonal variation in labor demand for cotton cultivation in the American South turned out to be very persistent as Jones (1985, p.87) mentioned, for example, that the techniques used for cotton picking and planting remained the same before and after the Civil War. 8 For example, Metzer (1975, p.139 ) points out: "The male field hands position was predominant in raising other crops and in other, more strenuous, activities that coincided with picking" and concludes that "planters ... were guided by the comparative advantage of productive resources such as that of female over male slaves in cotton picking." Shlomowitz (1979, p.568) writes that "on the plantation of J. Jenkins Mikell on Edisto Island for 1867, "women [were] to be reckoned as 3/4 hands until harvest when they will be counted as full hands." Jones (1985, p.87) writes: "Cotton picking was still [in the postbellum South] such a labor-intensive task, few tenant-farm wives could escape its rigors." 5 families. Several studies have however shown that differences in observable individual and family characteristics, such as education, number of children or family income, cannot account for differences in participation rates of black and white women (for a summary of the studies see Goldin, 1977) . A recent study by Boustan and Collins (2013) , using individual US census data from 1880 to 2000, confirms this finding as observables do not account for a significant amount of the racial gap in women's labor force participation, at least until 1940 least until . Goldin (1977 1990) attributes this gap to persistent cultural differences in attitudes towards working women that have their roots in slavery. After the Civil War black women were more likely to participate in the labor force: (i) as a direct consequence of slavery because black households were poorer than white households; (ii) indirectly, as black women were less stigmatized than white women for pursuing paid labor due to social norms developed in the black community under slavery.
The Spread of the Boll Weevil
De cotton come up and started to growin', and, suh, befo' de middle of May I looks down one day and sees de boll weevil settin' up dere in de top of dem little cotton stalks waitin' for de squares to fo'm. So all dat gewano us hauled and put down in 1922 made nuttin' but a crop of boll weevils. And de very same thing happen agin de nex' year (American Life Histories, 1939) .
Manifested in historical accounts, songs and family tales, the boll weevil (Anthonomus grandis), an approximately one-fourth long beetle with a very long snout, is considered as the most well known agricultural pest in the American South (Lange et al., 2009; Giesen, 2004 Giesen, , 2011 . Arriving near Brownsville, Texas, from Mexico in 1892, the boll weevil started to impair Southern's main economic engine: cotton production (Hunter and Coad, 1923; Ransom and Sutch, 2001) . Depending on prevailing wind and weather conditions the boll weevil could cover from 40 to 160 miles a year (Hunter and Coad, 1923) such that thirty years after its arrival the whole Cotton Belt was almost completely infested (see Figure 1 ).
The boll weevil's life revolves around the cotton plant which is its main source of food and host of reproduction. A female boll weevil deposits her eggs -100 to 300 per generation -into the growing squares or bolls of the cotton plant during the growing season resulting in a rapid infestation of the surrounding cotton fields. 9 While very hot, dry summer months impede the infestations of cotton fields and mortality increases during cold winters lead mild, wet summers and frost free winters to massive reproduction and heavy infestation (Hunter and Coad, 1923; Fenton and Dunnam, 1929; Lange et al., 2009) . As Lange et al. (2009, p.689 ) have pointed out "farmers and local authorities could do little to prevent the boll weevil from entering their territory, implying that the timing of arrival was largely exogenous." 10 Historical accounts document that the boll weevil was a large negative shock to cotton production; the dominant cash crop in the postbellum South (Alston, 1990) . 11 With its tremendous rate of reproduction, and since the boll weevil feeds almost exclusively on cotton, the arrival of the boll weevil led to large declines in cotton yields and cotton acreage in the American South (Ransom and Sutch, 2001 , 1923) . These estimates indicate that the boll weevil adversely affected cotton production and hence the demand for labor.
This paper focuses on the Cotton Belt counties of the American South that were infested by the boll weevil during the late 19th and early 20th century (Hunter and Coad, 1923) .
As the boll weevil adversely affected cotton production and with it its most labor intensive task, cotton picking, our objective in the following sections is to empirically investigate how female labor force participation in general but especially of black women responded to the arrival of the boll weevil in the US South.
Data and Estimation Strategy
Data
This section discusses the data used to assess the impact that the boll weevil had on output per worker and on labor force participation. We use US Census data during the period 1880-1940 to construct measures of output per worker and labor force participation. Countylevel output data are retrieved from the Inter-University Consortium for Political and Social 10 We refer to Hunter and Coad (1923) , Lange et al. (2009 ) and Giesen (2004 , 2011 for further information about the boll weevil and its spread through the American South.
11 The Southern economy relied heavily on cotton (Ransom and Sutch, 2001, pp.188-193) , especially after the Civil War when production increased from 6.6 million bales in 1880 to 11.6 million bales in 1910 compared to 3.8 million bales before the Civil War in 1860 (US Bureau of Census, 1975, pp. 517-18) . Ransom and Sutch (2001, p. 318-319) show that 75 percent of Southern farms planted in 1880 some acreage in cotton, over 90% did so in the Cotton South indicating the high degree of specialization in cotton production of Southern farmers during the postbellum period.
12 Ransom and Sutch (2001, Integrated Public Use Microdata Series (IPUMS-USA) database (Ruggles et al., 2010) and are aggregated at the county level.
Output per worker is calculated as the sum of value added per worker in the manufacturing and agricultural sector. Value added in manufacturing is calculated as manufacturing output minus the cost of materials. 14 For the agricultural sector value added is calculated as agricultural output minus the expenditure for fertilizer (available 1880-1940) and feed (available 1910-1940) . We consider individuals as agricultural or manufacturing workers when they reported in the Census a gainful occupation in one of those sectors (see the data appendix for more details).
The labor force participation rate is defined as the number of working-age individuals in the civilian labor force (age 16 to 65), divided by the total working-age population. The labor force participation rates for males and females (white and black) are defined accordingly. The 1910 Census over-counted female workers (unpaid female farm laborers) in the agricultural sector, see Goldin (1986, pp. 574-75) . We correct for this overstatement by excluding the number of unpaid female farm labors from the female labor force participation rate in 1910. 15 We further omitted the year 1890 from the analysis since the completed census forms were lost in a fire and thus individual data are unavailable for this census year (see Blake, 1996) .
County-level data on the arrival of the boll weevil are based on the USDA boll weevil map reported in Hunter and Coad (1923, p.3) . 16 This map provides detailed information when the boll weevil infested a county for the first time and when it completely passed through (see Figure 1 ). County-level data on cotton acreage are from Haines (2010). We match the year of the boll weevil s arrival in a county with the decennial county-level data on output per capita, the labor force particpation rate and cotton production.
A detailed description of all variables used in the empirical analysis is available in the data appendix. Descriptive statistics of the main variables of interest are shown in Table  1 . The sample spans a total of 903 counties which have been infested during the period 1880-1940. We refer to those as the "Cotton Belt" counties. The panel is decadal and unbalanced; as a robustness check we will present in the supplementary online appendix estimates based on a balanced panel covering 754 counties during 1880-1940. 13 We thank Michael Haines for sharing his county-level database from the United States Censuses of Agriculture in 1930 and 1940.
14 We had to impute the manufacturing data for the year 1910 because no production data were reported in the 1910 Census at the county level.
15 Our main findings are not affected when excluding the year 1910, see the supplementary online appendix for further details. 16 We thank Fabian Lange, Alan Olmstead and Paul Rhode for sharing their boll weevil data. 8
Estimation Strategy
In order to estimate the effect of a change in labor income on labor supply we use a two-stage least squares estimation framework. The second-stage equation is:
where α c are county fixed effects; β st are state-by-time fixed effects; LF P ct is the labor force participation rate in county c and period t; and ln(Output pw ct ) is the natural logarithm of output per worker in county c and period t. BollW eevil ct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise. The county fixed effects capture time-invariant factors that affect both output per worker and the labor force participation rate; for example, variables related to counties' geographic characteristics, such as rugged terrain, access to a river, longitude and latitude. The stateby-time fixed effects capture time-varying factors at the state level; for example, state-wide economic policy changes, such as changes in the tax rate, compulsory schooling laws and Southern states' specific variations in labor market regulation such as vagrancy, child labor and anti-enticement laws. We compute standard errors that are Huber robust and clustered at the county level. This type of clustering allows the residuals to be arbitrarily serially correlated within counties. We use data on output per worker rather than wages since many (black) farmers were selfemployed, working as owners, sharecroppers or tenants in the Cotton Belt after the Civil War (Reid, 1973; Shlomowitz, 1984; Ransom and Sutch, 2001) . 17 We note that output per worker is a good proxy for the wage if: (i) there is perfect competition in the labor market;
(ii) movements in labor occur at the extensive margin. 18 If both of these conditions are fulfilled, then it holds that ln(Output pw ct ) =ln(θ) + ln(w ct ), where ln(θ) is the elasticity response of output to a percentage change in labor. In equation (1) ln(θ) is absorbed by α c , hence if conditions (i) and (ii) are satisfied, estimating equation (1) with ln(Output pw ct ) is equivalent to using ln(w ct ). We refer to the technical appendix for further details on labor supply curve identification. The excluded instrument in the two-stage least squares regression (TSLS) is the interaction between the incidence of the boll weevil and the initial (beginning of period) intensity of cotton production. The first stage equation is:
where BollW eevil ct ×Cotton c,1880 is the interaction between the incidence of the boll weevil and county c's (demeaned) acreage share of cotton planted in 1880. We use the 1880 value, and not time-series variation in the acreage share of cotton planted, in order to ensure that the interaction term is exogenous to changes in output per worker during the 1880-1940 period. The direct effect of cotton production in 1880 on output per worker is captured by the county fixed effects, a c ; hence there is no need to include Cotton c,1880 in the model.
The reduced form equation is:
Compared to a standard differences-in-differences approach our estimation strategy follows the literature that uses a continuous measure of the intensity of treatment (see e.g. Bleakley, 2007; Nunn and Qian, 2011; Hornbeck and Naidu, 2014) . In the first stage, η, captures the differential effect of boll weevil incidence on output per worker that arises from cross-county variation in the importance of cotton production. Ex-ante, η is expected to be negative.
That is, in counties where cotton production is relatively more important the impact of boll weevil incidence on output per worker is more detrimental. In the reduced form, σ, captures the differential effect of boll weevil incidence on labor force participation that arises from cross-county variation in the importance of cotton production. The second-stage coefficient
The exclusion restriction in the instrumental variables estimation is that differences in the impact of boll weevil incidence, that arise from cross-county variation in the (initial) importance of cotton production, only affect the labor force due to their effect on output per worker. We will discuss and examine this exclusion restriction in detail in Section 4.2.
It is important to note that the boll weevil indicator variable captures the incidence of the plague only. The spread of the boll weevil was determined by time-varying weather conditions, such as wind, temperature and precipitation (see e.g. Lange et al., 2009) . It therefore seems plausible to treat the incidence of the boll weevil as an exogenous variable. On the other hand, the actual damage inflicted by the boll weevil is endogenous to counties' economic conditions. For example, one may expect that periods of high output per worker growth are associated with increased cotton production; when the boll weevil hit the damage inflicted is relatively higher in counties experiencing higher output per capita growth (for reasons other than the boll weevil). In order to avoid this endogeneity issue, we use the incidence of the boll weevil. 10 4.1 Baseline IV Estimates Table 2 presents the reduced form impact that the boll weevil had on the labor force participation rate. The control variables are county fixed effects and state-by-time fixed effects; both fixed effects are jointly significant at the 1 percent level. The main finding is that the boll weevil had a particularly negative effect on the labor force participation rate in counties with a higher initial cotton share. This can be seen in column (1) from the significant negative coefficient on the interaction between boll weevil incidence and the 1880 cotton share. In columns (2) and (3) we see that the effect on male labor force participation is insignificant while the effect on female labor force participation is negative and highly significant. This is as expected since, as we document below, it were women that had a comparative advantage in picking cotton. In columns (5) and (6) we examine the impact of the boll weevil on white and black female labor force participation. From anecdotal evidence, we know that in the Cotton Belt it were predominantly black females that worked on the cotton fields (Ransom and Sutch, 2001) . It is therefore not surprising that the coefficient on the interaction between boll weevil incidence and the 1880 cotton share is negative and highly significant for black females but quantitatively small and statistically insignificant for white females. Table 3 documents that counties with greater cotton production had a relatively larger share of female workers. In columns (1)-(3) we regress the share of female workers on the log of cotton acres planted; in columns (4)-(6) we change the explanatory variable for the share of cotton acres in the total acres of main field crops planted. Least squares regressions (see columns (1), (2), (4), and (5)) show that the share of female workers is significantly positively related to cotton production. In columns (3) and (6) we address causality by instrumenting cotton production with the geographic suitability for cotton. 19 Cotton suitability has a highly significant positive first-stage effect on cotton planted and the cotton share; the firststage F-statistic is well in excess of 17 (10) so that, according to Stock and Yogo (2005), we can reject the hypothesis that the size distortion is larger than 10 (15) percent at the 5 percent significance level. The instrumental variables regressions show that greater cotton production leads to more women employed. This is consistent with the view that women had a comparative advantage in cotton production: when potential output of cotton is (relatively) higher, due to greater cotton suitability, there is an increase in the (relative) demand for labor; labor will be hired at lowest cost; and it are women that can pick cotton at (relatively) lower costs. 20 Table 4 presents instrumental variables estimates of the impact that the boll weevil had on the labor force participation rate through its impact on output per worker. In column (1) the dependent variable is the labor force participation rate of all working-age people living in a county. The estimated coefficient (standard error) on output per worker is 0.21 (0.05). Quantitatively, this coefficient implies that on average a one percent decrease in output per worker decreased the labor force participation rate by 0.2 percentage points. This effect is significant at the 1 percent level. Columns (2) and (3) show that there is a significant difference in the response of male and female labor force participation. The second-stage coefficient on output per worker is 0.02 (0.02) for male labor force participation, and 0.41 (0.10) for female labor force participation. The significant difference in the response of male and female labor force participation is expected since the boll weevil had an impact on cotton production and women had in this sector a comparative advantage. Moreover, from anecdotal evidence we know that it were primarily black women that worked on cotton fields in the Cotton Belt (see e.g. Sharpless, 1999; Ransom and Sutch, 2001) . Columns (4) and (5) show that, consistent with this anecdotal evidence, it is the labor force participation rate of black females that responds significantly to the output shock; the labor force response of white females is insignificant.
The first-stage effect of the interaction between the boll weevil and the 1880 cotton share is negative and highly significant. We show this in Panel B of Table 4 . The linear term on boll weevil incidence is insignificant; hence we only use the interaction term as an excluded instrument in the two-stage least squares regressions. The F-statistic on the excluded instrument is well in excess of 17 (10). According to Stock and Yogo (2005) we can reject the hypothesis that the size distortion in the TSLS regression is larger than 10 (15) percent at the 5 percent significance level. We note that the coefficient on boll weevil incidence is insignificant in the reduced form, the first stage, and the second stage (see Tables 2 and 4, respectively). In Appendix Table 1 , we document that the second-stage coefficients on output per worker are similar to the second-stage coefficients in Table 4 if we do not include boll weevil incidence in the econometric model (the excluded instrument in the TSLS regressions continues to be the interaction between boll weevil incidence and the 1880 cotton share). Table 5 presents least squares estimates of the relationship between output per worker and the labor force participation rate. Similar to the instrumental variables estimates, the least squares estimates are positive and significant for the labor force participation rate of all workers. They also provide a significant positive coefficient on output per worker for female labor force participation. Quantitatively, the least squares estimates are smaller than the instrumental variables estimates. The direction of bias is as expected since, with decreasing returns to labor, an increase in labor force participation leads to lower output per worker. 21
We have carried out a number of robustness checks on the baseline TSLS estimates.
Appendix Table 2 shows that results are qualitatively similar if instead of the labor force participation rate the dependent variable is the log of the labor force. The findings in Table 4 are also robust to excluding outliers (Appendix Table 3 ); using a balanced panel (Appendix Table 4 ); replacing the 1880 cotton share with cotton suitability (Appendix Table 5 ); using as explanatory variable either expenditures for farm labor per agricultural worker (Appendix Table 6 ) or cotton yield (Appendix Table 7 ) instead of output per worker; and excluding the year 1910 from the regression (Appendix Table 8 ).
Discussion of Instrument Validity
The exclusion restriction underlying the instrumental variables estimates is that the boll weevil only affects labor force participation through its effect on output per worker. This exclusion restriction seems plausible from an economic point of view: the boll weevil, being an agricultural pest, lowered productivity, which, in turn reduced the marginal product of labor in cotton production and hence the demand for labor in that sector. In the next tables we will examine whether there is any evidence that our instrument, the interaction between the boll weevil and the beginning of sample cotton share, is invalid.
The survival probability of the boll weevil is strongly affected by weather conditions. Experiments conducted at the University of Missouri (Sorenson, 1995) showed that the boll weevil starts to die when temperature falls below 23 degrees Fahrenheit. At 5 degrees Fahrenheit most weevils don't survive longer than an hour. Hence, low temperatures in an infested county during winter are detrimental for boll weevil survival and should therefore ameliorate the negative effect of boll weevil incidence on cotton production in the following season. Here, we exploit this channel as an additional source for identification. Using county-level climate data from Fishback et al. (2011), we construct a variable that captures the share of winter days (1st of November -28th of February) where temperature did not fall below 10 degrees Fahrenheit in a given county. Assuming that weather conditions remained relatively stable over time from 1880 to 1940, this variable should be a good proxy of having days with relatively "mild" temperatures during the winter months in a given county. Table 6 reports the first-stage regression where we use the interaction between the winter temperature proxy and boll weevil incidence as additional instrument for output per worker. This interaction term has a highly significant effect on output per worker. With an additional instrument in hand the two-stage least squares regression is overidentified and we can compute overidentification tests. From Panel A of Table 6 we see that the secondstage coefficient on output per worker is positive and significant for labor force participation when both interaction terms are used as excluded instruments (i.e. the interaction between boll weevil incidence and the 1880 cotton share, and the interaction between boll weevil incidence and the temperature proxy). We find that a 1% increase in output per worker increases female labor force participation by 0.2 percentage points. As in Table 4 , we see that the effect comes primarily from black female labor force participation.
Panel B of
The p-values from the Hansen J test that the instruments are correlated with the secondstage error term are well above 0.1. Hence, there is no evidence that the instruments are invalid. In terms of instrument relevance we note that both instruments are strong: they are individually statistically significant at the 1 percent level. The joint F-statistic is in excess of 12 so that, according to Stock and Yogo (2005), we can reject that the IV size distortion is larger than 15 percent at the 5 percent significance level. It is therefore not the case that the Hansen J test is underpowered due to the presence of weak instruments.
Another way to examine whether our instrument has a direct effect on labor force participation beyond output per worker is to estimate the reduced form in a sample where the boll weevil has no significant first-stage effect. If the boll weevil affects labor force participation beyond output per worker, then, in the sample where the boll weevil has no significant effect on output per worker, it should have a significant effect on labor force participation.
In this vein, we present in Panel A of Table 7 first stage and reduced form estimates for a sample split at the 20th percentile of the 1880 cotton share. In the sample of counties in the bottom 20th percentile of the 1880 cotton share, there is an insignificant effect on output per worker (columns (1), (3) and (5)) and an insignificant effect on labor force participation (columns (2), (4) and (6)). On the other hand, in the sample of counties that are in the 80th percentile of the 1880 cotton share, see Panel B of Table 7 , the effect of the boll weevil interacted with the 1880 cotton share on output per worker and labor force participation is negative and highly significant. Quantitatively, the estimated effects are also larger (in absolute size) in Panel B than in Panel A.
In Figure 2 we plot the coefficients and their 95 percent confidence bands of the lead, impact, and lagged effects of the interaction between boll weevil incidence and the 1880 cotton share on labor force participation. We obtain these coefficients by augmenting equation
(3) with three leads and lags of the boll weevil incidence and its interaction with the 1880 cotton share. We find that the lead effects are all insignificant. The impact (period t) effect of the interaction term remains negative and is quantitatively larger (in absolute size) than the lagged effects, which are also negative and significant.
Our argument for using the interaction between the 1880 share of cotton and the boll weevil as an instrument for output per worker is that the impact of the agricultural pest on output per worker should be more detrimental where the potential damage is larger. As the boll weevil fed almost exclusively on cotton, the pest only affected cotton production, and its detrimental effect should be particularly large where cotton production was particularly large before the arrival of the boll weevil. As a placebo test, we report in Table 8 first stage and reduced form estimates where we include in the model an interaction term between boll weevil incidence and the 1880 share of corn. This interaction term has neither a significant effect on output per worker, see column (1); nor does it have a significant effect on the labor force participation rate, see column (2). On the other hand, the interaction between boll weevil incidence and the 1880 cotton share continues to have a highly significant negative effect on both output per worker and the labor force participation rate.
Further Results
Response of Female Labor Force by Marital Status and Race
Disaggregating the female labor force participation rate by marital status and race, we find that the participation rate of black married women is more responsive to changes in output per worker than that of white married women. This result can be seen by looking at columns (1) and (2) of Table 9 , Panel A. The second-stage coefficient (standard error) on output per worker when the dependent variable is the labor force participation rate of married white women is -.04 (0.04); for married black women it is 0.72 (0.18). The p-value from a test that the coefficient on output per worker is the same for married black and white women is 0.00. Our finding of a large labor supply elasticity of black married women and a small insignificant elasticity for white married women is in line with Goldin's (1977; 1990) social "stigma" argument. We find a similar pattern for single black and white women. These results can be seen by looking at columns (3) and (4). The second-stage coefficient on output per worker is positive and highly statistically significant for single black women while it is insignificant for single white women.
Response of Female Labor Force by Age
In Panel B of Table 9 we report the female labor force participation rate by age. We find that the participation rate of younger women is more responsive than that of older women. In column (1) the dependent variable is the female labor force participation rate of ages 16-25; column (2) ages 26-35; column (3) ages 36-45; column (4) ages 46-55; and column (5) ages 55-65. For all age groups the coefficients on output per worker are positive and significant;
and they are descending in magnitude as age increases. For example, for female labor force participation ages 16-25 the second-stage coefficient (standard error) on output per worker is 0.61 (0.13); for female labor force participation ages 55-65 the coefficient (standard error) is 0.19 (0.08). The p-value from a test that the coefficient on output per worker is the same for female labor force participation ages 16-25 and ages 55-65 is 0.01.
Effects on Employment
Table 10 documents that output per worker had a significant positive effect on employment and the employment rate. In line with our findings on labor force participation, the effect of output per worker on employment is significant for (black) females but not for males.
Quantitatively the estimated effects are sizable. For example, the coefficient in column (5) of Panel A (B) in Table 10 suggests that employment (the employment rate) of black females increased by nearly 3 percent (0.8 percentage points) for a 1 percent increase in output per worker. , 2010) . We pool the linked samples of 1880-1900, 1880-1910, 1880-1920 and 1880-1930 to maximize coverage. The data allow us to investigate whether individuals were more likely to move out or into boll weevil infested counties. The estimation equation is:
Effects on Immigration and Emigration
where ∆y i is an indicator variable that is unity if individual i migrated out of (emigration) or into (immigration) a boll weevil infested county c between 1880 and the time period observed in the linked sample (i.e. 1900, 1910, 1920 or 1930) . Note, that △ denotes the change between 1880 and the year for which data exist for individual i in the linked sample. Table 11, Panel A shows that the boll weevil was more likely to increase the likelihood of emigration in counties with a relatively high cotton share. This can be seen from the positive coefficients that emerge in the linear probability model (see columns (1) and (2)) and the non-linear probability (probit) model (see columns (3) and (4)). The estimated marginal effects are significantly different from zero at the 1 percent level. Quantitatively, they imply that the incidence of the boll weevil increased the probability of emigration by around 3 percentage points for each 10 percentage points increase in the 1880 share of cotton.
Panel B of Table 11 shows that the incidence of the boll weevil was more likely to decrease the likelihood of immigration into counties with a relatively high cotton share. This can be seen from the negative coefficients that emerge in the linear probability model (see columns (1) and (2)) and the non-linear probability (probit) model (see columns (3) and (4)). The estimated marginal effects are significantly different from zero at the 5 percent level.
Quantitatively, they imply that the incidence of the boll weevil decreased the probability of immigration by around 1 percentage point for each 10 percentage points increase in the 1880 share of cotton.
Effects on Non-market Labor
Columns (1) and (2) of Table 12 show that the incidence of the boll weevil had a significantly larger effect on the share of women staying at home (i.e. housekeeping/home production) in counties with an initially higher cotton share. This suggests that, in counties where the incidence of the boll weevil had more severe economic impacts there was a larger share of (black) females (that lost their job in cotton production) staying at home. Indeed, two-stage least squares estimation shows that the impact through output per worker on the share of (black) housekeepers living in a county is negative: a one percent increase in output per worker reduced the share of housekeepers by around 0.37 percentage points. This effect is significantly different from zero at the 1 percent level.
Conclusion
Estimating the response of labor supply to changes in labor income is complicated by the endogeneity of the latter variable. In this paper we used plausibly exogenous variation in the incidence of an agricultural pest, the boll weevil, to generate variation in labor income for a panel of 903 US Southern counties during the period 1880-1940. Our first stage regression exploited that the negative impact of the boll weevil on output per worker was more severe in counties with a higher initial cotton share (an intensity to treat effect). Using the interaction between boll weevil incidence and the initial cotton share as an excluded instrument, we find a significant positive effect of output per worker on labor force participation. The effect is particularly large and significant for female labor force participation, consistent with evidence that females had a comparative advantage in cotton cultivation. We also documented that in response to the agricultural pest there was a significant decrease in immigration, a significant increase in emigration, and a significant increase in non-market labor.
Technical Appendix
Note on Labor Supply Curve Identification
Labor demand: Suppose the labor market is competitive; there is an infinitely large number of farms where workers work and receive wage, w, and farmers maximize profits:
Y −wL. Assuming a neoclassical production function Y = aL α , where a is labor productivity with 0 < α < 1, and L is labor; the price, p, has been normalized to one. Profit maximization implies that labor demand is given by:
Taking logs of equation (5), yields:
Labor supply: There is a measure one of households. Households are faced with the decision problem of supplying labor at the extensive margin. For the following analysis we assume that the number of household members is large enough to guarantee insurance over consumption of household members. The households derive utility from consumption, c, and leisure, f , (i.e. those household members that are labor market non-participants). The maximization problem is:
The optimality condition is:
As is well known, depending on the particular functional form of utility, this optimality condition could imply either a positive or negative response of labor supply with respect to changes in the wage, w, depending on whether the substitution effect dominates the income effect. For the following econometric analysis (see Section 3.2) we write
where u is an error term, capturing, for example, shocks to household preferences. The parameter of interest, γ, can be either positive (i.e. upward sloping labor supply curve) or negative (i.e. downward sloping labor supply curve).
Equivalence of using wage and output per worker in estimation of equation (7):
From equation (5) we have αaL α−1 = w. Using the production function Y = aL α , we can divide both sides by L; this yields y ≡ Y L = aL α−1 . Hence, w = αy and ln(L) = γ ln(α) + γ ln(y) + u
Least squares (LS) estimate of equation (8):
The least squares estimate of γ in equation (8) is:
, ln(y)) var(ln(y)) = γ + cov(ln(y), u) var(ln(y))
The bias in the LS estimation is cov(ln(y), u)/var(ln(y)). To evaluate this expression, substitute equation (6) into equation (7). This yields: ln(w) = 
) is a function of two shocks -a labor productivity shock, a; and a labor supply specific shock, u.
Assuming that the covariance between productivity shock, a, and the labor supply specific (preference) shock, u, is zero, the LS estimator is
Hence, the least squares estimator is downward biased.
Two-stage least squares (TSLS) estimation of equation (8) Our instrumental variable, z, the boll weevil, is an agricultural pest that negatively affects productivity, a; i.e. a = f (z, other shocks). The TSLS estimator is:
where we use in the last line the same assumption as for the LS estimator, i.e. cov(a, u) = 0.
Note, that a reduced form approach is not sufficient to identify whether labor supply is upward sloping. This is because under a neoclassical production function, dL/dz will always be positive. It is only once the response of output per worker to the z shock is taken into account that the labor supply response to changes in the wage is identified. This follows immediately from noting that the TSLS estimator is the ratio of the reduced form effect over the first stage effect.
Data Appendix
VARIABLE YEARS DESCRIPTION
Labor Force Participation 1880 -1940
We use the microdata from IPUMS (Ruggles et al. 2010) to construct the labor force participation rate. This variable is defined as the number of persons in the workforce divided by the number of individuals in the working age (age 16-65) in a county. The US Census considered individuals in the labor force if they reported gainful employment for the censuses 1850-1930. From 1940 onwards the Census used a different concept of labor force participation. For consistency across censuses we consider every individual between age 16-65 that reported a gainful occupation in the workforce, i.e. all individuals with occupation codes 0-970 (see IPUMS variable OCC1950 for more details). Note, that the year 1890 is missing in our analysis since the completed census forms were lost in a fire and thus individual data are unavailable for this census year (see Blake, 1996) . Our results are robust when excluding the year 1940 (available upon request). We refer to the description and comparability of the IPUMS variable "LABFORCE" and "OCC1950" for further details.
Female Labor Force Participation
-1940
We use the microdata from IPUMS (Ruggles et al. 2010) to obtain a measure of female labor force participation. The 1910 Census over-counted female workers (unpaid female farm labourers) in the agricultural sector, see Goldin (1986, pp. 574-575) . For 1910, we correct for this bias by subtracting the number of unpaid female farm laborers (occupation code 830 of IPUMS variable OCC1950) from both the numerator and denominator: (females in workforce -females who state occupation code 830)/(females of working age -females who state occupation 830). Otherwise, the construction is analog to the total labor force participation (see description above). Our results are robust when excluding the year 1910 (see Appendix Table 8 ).
Output per worker 1880 -1940
Output per worker is calculated as the sum of value added per worker in the manufacturing and agricultural sector at the county level. Value added in manufacturing is calculated as manufacturing output minus the cost of materials. We had to impute the manufacturing data for the year 1910 because no production data were reported in the 1910 Census at the county level. Value added in agriculture is calculated as agricultural output minus the expenditure for fertilizer (available 1880-1940) and feed (available 1910-1940 
Cotton Share 1880
The cotton share in 1880 is constructed as county c's acreage share of cotton planted out of the total acreage of all main field crops (barley, corn, oats, rye, wheat, cotton, sugarcane, hay, rice, tobacco, potato and sweet potato) in 1880. These crops account for almost all cultivated acreage in the Cotton Belt (see e.g. Ransom and Sutch, 2001, p.256) . The county level data on the main field crops acreage are retrieved from the ICPSR file 2896 (Haines, 2010) . Our results are robust to using county c's share of cotton planted out of (improved) farmland (available upon request).
Cotton Suitability 1880
Data on cotton suitability come from the FAO who calculates cotton suitability as the maximum potential yield of cotton based on climate, soil type and ideal growing conditions for cotton; for more information see e.g. Hornbeck and Naidu (2014, footnote 22, p. 975 (2011) . We compute the days the temperature in Winter (1st of November to 28th of February) fell below 10 degrees Fahrenheit. We then use that number to calculate the likelihood that the temperature on a given day did not fall below 10 degrees Fahrenheit as (30+31+31+28-days below 10 degrees F)/(30+31+31+28) We plot the coefficients and their 95 percent confidence bands of the lead, impact, and lagged effects of the interaction between boll weevil incidence and the 1880 cotton share on labor force participation. We obtain these coefficients by augmenting equation (3) with three leads and lags of the boll weevil incidence and its interaction with the 1880 cotton share. See section 4.2 for further details. The dependent variable is the share of female worker out of the adult workforce at the county level in 1880. In columns (1), (2), (4) and (5) the method of estimation is least squares (LS). In columns (3) and (6) the method of estimation is two stage least squares (TSLS). In columns (1)-(3), the right hand side variable of interest, ln(Cotton Acreage c,1880 ), is total cotton acreage measured in logarithmic unites and the cotton share, Cotton Share c,1880 , in columns (4)-(6). The instrumental variable is cotton suitability, also see Section 4.1 for further details. We further add a set of geographic control variables: linear and squared terms of monthly temperature and precipitation, measures of soil quality and linear and squared terms of mean and standard deviation of elevation (estimates not reported). See the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the labor force participation rate in columns (1), female labor force participation rate in column (2) and black female labor force participation rate in column (3). In columns (4)-(6) the dependent variable is output per worker in logarithmic units. The method of estimation is least squares. Boll W eevilct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise (estimate not reported). Boll W eevilct ×Cotton c,1880 is the interaction between the incidence of the boll weevil and county c's acreage share of cotton planted in 1880. See Section 4.2 and the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. (1) and (2) for column (2). The method of estimation is least squares. Boll W eevilct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise (estimate not reported). Boll W eevilct × Cotton c,1880 is the interaction between the incidence of the boll weevil and county c's acreage share of corn planted in 1880. Boll W eevilct × Corn c,1880 is the interaction between the incidence of the boll weevil and county c's acreage share of corn planted in 1880. See Section 4.2 and the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the labor force participation rate by marital status and race (Panel A) and by cohorts (Panel B). The method of estimation is two-stage least squares. The instrumental variable is the interaction between the incidence of the boll weevil and county c's acreage share of cotton planted in 1880, Boll W eevilct × Cotton c,1880 . Boll W eevilct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise (estimate not reported). See the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is employment measured in logarithmic units (Panel A) and the employment rate (Panel B). The method of estimation is two-stage least squares. The instrumental variable is the interaction between the incidence of the boll weevil and county c's acreage share of cotton planted in 1880, Boll W eevilct × Cotton c,1880 .
Boll W eevilct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise (estimate not reported). See the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. In Panel A (B) the dependent variable is an indicator variable that is unity if individual i migrated out (emigration) or into (immigration) a boll weevil infested county between 1880 and the time period observed in the linked sample. The method of estimation is least squares in columns (1)-(2) and probit in columns (3)-(4). See Section 4.3.3 and the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the share of housekeeper. The method of estimation is two-stage least squares. The instrumental variable is the interaction between the incidence of the boll weevil and county c's acreage share of cotton planted in 1880, Boll W eevilct × Cotton c,1880 . Boll W eevilct is an indicator variable that is unity in county c and period t if a county is infested by the boll weevil and zero otherwise (estimate not reported). See the data appendix for further details. Huber robust standard errors (shown in parentheses) are clustered at the county level: *** p<0.01, ** p<0.05, * p<0.1.
